Abstract. Recent spectropolarimetric surveys of bright, hot stars have found that ∼ 10% of OB-type stars contain strong (mostly dipolar) surface magnetic fields (∼kG). The prominent paradigm describing the interaction between the stellar winds and the surface magnetic field is the magnetically confined wind shock (MCWS) model. In this model, the stellar wind plasma is forced to move along the closed field loops of the magnetic field, colliding at the magnetic equator, and creating a shock. As the shocked material cools radiatively it will emit X-rays. Therefore, X-ray spectroscopy is a key tool in detecting and characterizing the hot wind material confined by the magnetic fields of these stars. Some B-type stars are found to have very short rotational periods. The effects of the rapid rotation on the X-ray production within the magnetosphere have yet to be explored in detail. The added centrifugal force due to rapid rotation is predicted to cause faster wind outflows along the field lines, leading to higher shock temperatures and harder X-rays. However, this is not observed in all rapidly rotating magnetic B-type stars. In order to address this from a theoretical point of view, we use the X-ray Analytical Dynamical Magnetosphere (XADM) model, originally developed for slow rotators, with an implementation of new rapid rotational physics. Using X-ray spectroscopy from ESAs XMM-Newton space telescope, we observed 5 rapidly rotating B-types stars to add to the previous list of observations. Comparing the observed X-ray luminosity and hardness ratio to that predicted by the XADM allows us to determine the role the added centrifugal force plays in the magnetospheric X-ray emission of these stars.
Characterizing the Magnetic Fields of Massive Stars
Recent surveys have leveraged the development of improved spectropolarimeters to detect and characterize magnetic fields in a large sample of OB-type stars (Wade et al. 2016; Fossati et al. 2015) . These studies have shown that ∼ 10% of massive stars host surface magnetic fields that are strong (∼ 1kG) and mostly dipolar. The stellar winds of massive stars are on the order of the stellar effective temperature and photoionized 2 C. L. Fletcher causing them to interact with the magnetic field.
The Magnetically Confined Wind Shock (MCWS) model presented by Babel & Montemerle (1997) has become the central idea explaining the X-ray emission of magnetic OB stars. In this scenario, the stellar wind plasma is forced to move along the magnetic field lines. In regions near the star, where the magnetic field lines are closed loops, the stellar wind channeled from both footpoints (located in the northern and southern hemispheres) will collide at the magnetic equator. Since the stellar wind is supersonic, the collision creates a shock with high post shock temperatures (∼ 1 − 10 MK). The shocked material then cools radiatively, emitting X-ray photons (ud-Doula & Owocki 2002) . Therefore, X-ray observations are a key tool to probe these magnetospheres. An analytical approach to modeling the confined material in stars with slow rotation, called the Analytic Dynamical Magnetosphere (ADM) model, was developed by Owocki et al. (2016) . This model simplifies the complex results from previous MHD simulations (ud-Doula & Owocki 2002; ud-Doula et al. 2008 ud-Doula et al. , 2009 ) by assuming a time averaged view of the processes in the confined material. ud-Doula et al. (2014) derived predictions for Xray emission of DMs based on the stellar luminosity and the mass loss rate from the radiative cooling of the magnetically confined material. A main result of the XADM model is an increasing trend of Xray emission with the spectral type and the size of the last closed field loop (R A ; Alfvén radius) for B-type stars (Nazé et al. 2014) .
The rotational periods of some magnetic B-type stars are short enough for rotation to be dynamically significant, causing an added centrifugal component that affects the magnetically confined material. Townsend & Owocki (2005) developed a rigidly rotating magnetosphere (RRM) model relying on the assumption that the magnetic field lines will be forced to corotate with the stellar surface. For closed field lines larger than the Kepler co-rotation radius (R K ; the radius at which the centrifugal acceleration is equal to the gravitational acceleration) the confined material will not fall back to the stellar surface. Therefore, the material will accumulate creating a centrifugal magnetosphere (CM) with a disc-like structure. Perhaps the added centrifugal acceleration on the material trapped in the CM could provide a faster velocity causing larger shock temperatures and, consequently, harder X-ray energies or higher X-ray luminosity. Another possibility to explain this over-luminosity could be an increased X-ray efficiency factor in the CM regions through lack of material fall-back as compared to the DM regions. Nazé et al. (2014) performed a study of all the known magnetic OB-type stars for In order to reproduce the observed spectral features, there would need to be shock temperatures that are represented in red, however, for the 2R * there no loops producing high enough shock temperatures. The 5R * has larger closed field loops that result in higher shock temperatures.
which modern X-ray observations exist. In this study the observed X-ray luminosity from the Chandra X-ray Observatory and/or the XMM-Newton space telescope was compared to the predicted X-ray luminosity from the XADM model (Fig. 1) . Although the agreement is generally good, we can see that a number of stars have observed X-ray luminosity higher than that predicted by the XADM model. Most of the overluminous stars in Fig.  1 are fast rotators. However, the one overluminous star that is not a fast rotator is τ Sco; this star has a complex surface field configuration, which is not common for fossil fields and could be the reason for its overluminosity.
τ Sco: a Slow Rotator with a Complex Field
One of the overluminous stars identified by Nazé et al. (2014) and shown in Fig. 1 is a slow rotator observed to have a complex surface magnetic field (Donati et al. 2006) . The surface magnetic field can be extrapolated in order to predict the three dimensional structure of the field loops above the surface. A key parameter needed for the extrapolation is the source radius, the radius corresponding to the apex of the largest closed field loop for an arbitrary field configuration, which is determined by the ratio of the magnetic field energy density to the stellar wind kinetic energy density. A smaller mass loss rate will produce a larger source radius. As the mass-loss rate is relatively unconstrained, Donati et al. (2006) chose a mid range mass loss rate and extrapolated the surface field out to the corresponding source radius (2R * ), resulting in small loops.
τ Sco is an ideal case for comparing the shock temperatures of the field loops to the observed spectral features because of the high resolution grating spectra obtained by Cohen et al. (2003) with the Chandra X-ray Observatory. In order to do this, the ADM formalism was adapted for an arbitrary loop configuration, shown in Fig. 2 , to determine the shock temperatures for the source radius assumed by Donati et al. (2006) . The X-ray spectra suggests shock temperatures ∼ 15MK (shown in red in Fig. 2 ) are needed. However, the shock temperatures from the 2R * source radius in Fig. 2 (left) are insufficient, suggesting that a larger source radius is needed. To find the shock temperatures for larger source radii, a field extrapolation was performed based on the surface field map of Donati et al. (2006) but with source radii of 3R * , 4R * , and 5R * . Determining the shock temperatures the same way as before, Fig. 2 (right) shows that the larger source radii produces higher shock temperatures that are ∼ 15MK. Using these results to constrain the source radius will help to determine what is causing the overluminosity of τ Sco.
Rapid Rotators
New X-ray spectral observations of 5 rapidly rotating B-type stars were obtained with XMM-Newton Space Telescope to add to the previous X-ray observations listed by Nazé et al. (2014) . From these observations, three new detections were obtained, while two were undetected. The spectra of the detected stars with sufficient count rates were modeled using APEC thermal plasma models to determine the total X-ray flux and temperatures. For the two non-detections the upper limit X-ray luminosity was determined. The X-ray luminosities were added to the plot comparing the predicted and observed X-ray luminosity shown in Fig. 1 with the detected stars shown in numbered triangles and the upper limits in the numbered rectangles. Of the three detections, one falls in the overluminous outlier group (#60) with the other two being reasonably close to their predicted luminosity.
Further efforts will help determine whether the added centrifugal force provides sufficient acceleration to the confined material to lead to the high post-shock temperatures inferred observationally. A comparison of the X-ray production efficiency could also lead to an understanding of the discrepancies in the observed X-ray luminosity.
